Abstract --High gain observer (HGO) has been proved to be a good method to estimate states of Lipschitz nonlinear systems.
I. INTRODUCTION
State estimation and disturbance attenuation are two important but difficult problems in nonlinear systems.
Recently, several kinds of Bayesian-based filters such as KF, EKF and UKF have been utilized to estimate the states and parameters of systems and some experimental researches have shown their effectiveness in real systems [1] [2] [3] [4] . Unfortunately, these filters generally suppose that the process and measurement noises satisfy certain distributions, which are too strict and even contradict the real condition of real systems. In addition, inherent convergence of these algorithms are not strictly guaranteed when used in nonlinear system since approximations of models are included in EKF meanwhile selections of sigma points in UKF are in a dilemma between accuracy and computational load.
As for disturbance attenuation, although some robust controls, such as H ∞ control as shown in references [5] and [6] , are well-known for handling uncertainties and disturbances, but it is difficult to keep a balance between robustness and conservation since the uncertainty information is usually supposed unknown. This is especially severe when the uncertainties are large or time-varying.
As a traditional approach in nonlinear control, high gain observer has attracted plenty of attention by numerous researchers for its simple structure and constant gain in application. In reference [7] , M. D. Mora, A. Germani and C. Manes proved that the drift-observability property together with the satisfaction of a Riccati-like inequality is sufficient conditions for the existence of an exponential observer. In reference [8] , R. Rajamani presented the correct necessary and sufficient conditions on the stability matrix that ensure asymptotic stability of the observer. In reference [9] , K. Robenack increased the maximum admissible Lipschitz constant significantly in consideration of system structure. At Michigan State University, Khalil and coworkers have developed the high-gain observer theory in a number of directions, covering stabilization, sliding mode control, regulation, adaptive control, separation principle, logic-based switching, robustness to un-modeled dynamics, effect of measurement noise and connection with EKF [10] [11] [12] [13] .
However, all of the above referred to work focus on the state estimation, there are little references on the disturbance estimation. In reference [14] The paper is organized as follows. In Section II, some fundamental notations and backgrounds of high gain observer are explained, while detailed descriptions of high gain disturbance observer and HGO-based controller are exploited in Section III. Then a combined design approach is presented in Section IV, which is the main result of the paper. Simulation results on an inverted pendulum system are reported in Section V, showing high performance of the proposed method.
II. PRELIMINARIES
In this paper, nonlinear systems of the form
are considered, where , x y and u are system states, system outputs, and control inputs, respectively; ( ), ( ) f x g x and ( ) h x are all known nonlinear function of state x . We have the following assumption for system (1),
Assumption I:
System (1) is said to have observation relative degree r in a set
With assumption I, system (1) can be transformed into the so-called nonlinear observability canonical form as follows, 
is the transformation map.
Now we give the following definition,
then the system (1) is said globally drift-observable or simply drift-observable in n .
Lemma I:
If system (1) is Ω -drift-observable, then the states of the following observer
can approach the real state of system (1) 
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For detailed proof, reference [7] is recommended for readers.
III. HIGH GAIN DISTURBANCE OBSERVER AND HGO-BASED CONTROLLER

A. High Gain Disturbance Observer
Now, we suppose the system is disturbed by some external inputs, i.e., system to be considered is as follows,
( ) In the first step, we consider the disturbance observing problem. Based on the last section: if the first output has observation relative degree r , we can transform system (8) into the following form, 
If the following assumption is satisfied,
Assumption II:
The dimension of external disturbances and output 2 y is equal, and function ( , ) m x u is reversible in the interested region.
We can design the following observer
The error dynamics can be modeled as
Now, we give the following assumption III, Assumption III:
Lipschitz, i.e., the following inequalities are satisfied,
It is not difficult to prove that under assumption III, observer (11) can be used to estimate the states of system (8) , and the external disturbance can also be estimated using 
B. Observed States Based Controller
Now, we give the following theorem to show that this observer can be used to stabilize system (1), Theorem I means that a high gain Lipschitz observer can always be used to locally stabilize a system if there exists a pre-known stable controller.
IV. HIGH GAIN DISTURBANCE OBSERVER BASED ROBUST
CONTROLLER
In the following, we will show how we can use observer (11) and (12) to robust stabilize system (8). We suppose firstly that system (8) can be transformed into the following form, 
where 1 x is a vector and 2 , , p x x are all scalars. And the aim of the controller design is to make the whole system stable in the sense of Lyapunov and the output 3 y can approach zero asymptotically.
In reference [14] , we have shown the preceding problem can be solved if the external disturbance can be obtained. Here, we would like to give a short introduction of the whole procedure.
Firstly, define some new state variables as follows, 
( , )+ ( , ) ( , , , )
It is not difficult to show that if we define 
We have
That means, if we select the following controller,
and ρ is selected to be equal to ω strictly, thus system (17) will be transformed into the following form, ( ), , , , )ˆp
can make system (17) BIBO stable. In Eq. (25), x and ω are estimated states and disturbance from high gain observer (11) and (12) .
Proof:
Consider the following extended system
Define the following new Lyapunov function candidate,
Compute the derivative of V with respect to time,
we have,
( ) ( ) ( ( ), , ,
where κ is a positive constant.
V g x is radially unbounded, then we can always find a small positive constant κ make the following inequality is satisfied,
Thus, Eq. (30) can be transformed into,
That means, if we can find at least one solution of the following matrix inequality, 2 , 
Thus the states and disturbance observer can be designed according to (11) and (12) respectively, and the controller as:
Finally, the simulation results are presented as Fig. 1 and Fig. 2 . In this case, we use a sine disturbance in the form of However, it must be mentioned that finding a suitable gain for high gain observer to satisfy the convergence condition is not easy in some real applications, especially in system with highly complicated nonlinearities. Thus, in the future, more applications and method to reduce the conservation of the gain selection will be conducted.
